The Neonatal Workgroup of the International Liaison Committee on Resuscitation recently made available their rigorous review of the scientific evidence base for selected neonatal resuscitation issues. The Neonatal Resuscitation Program guidelines have been recently revised based on that review and published as the Textbook of Neonatal Resuscitation, 5th edn. This review article highlights pertinent changes in recommendations, including revisions in: oxygen use; CO 2 detectors for confirmation of intubation; management of the infant born through meconium-stained amniotic fluid; initial ventilation devices and strategies; thermal protection of very small preterm infants; medications, including doses and routes of delivery; postresuscitation therapies for consideration and ethical issues in initiation and discontinuation of resuscitation.
Introduction
The Neonatal Resuscitation Program (NRP) in the United States began with:
(1) The idea that babies needed and deserved a special and specific approach. (2) The vision that every baby in the United States would have a person trained in resuscitation present at the birth. (3) The need for the development of appropriate materials for a systematic approach along with the establishment of a teaching system for all providers, regardless of discipline.
Radical ideas at the time, all have been largely accomplished over the past 20 years. 1, 2 The Neonatal Resuscitation Program developed materials and set up a pyramid system of national, regional and hospital-based instructors to implement the training. Hospitals adopted the standard that neonatal resuscitation training was a requirement for birth attendants. By 2007, over 2 million health care providers had been trained in neonatal resuscitation in the United States. 3 Currently, the US NRP steering committee is focused primarily on continuing to develop the scientific, evidence-based foundation for the program, including sponsoring research grants in resuscitation. However, it is also moving to develop the integration of the cognitive, technical and behavioral aspects of neonatal resuscitation to improve the effectiveness of the providers.
This article explores some aspects of the development of the scientific, evidence-based changes that have recently been made in the NRP guidelines. When the NRP was inaugurated in 1987, the guidelines were written based largely on experience with only a modicum of scientific evidence for those recommendations. At that time, the scientific basis for resuscitation was poorly explored. In the ensuing two decades, overcoming formidable barriers to research in emergency situations, a number of trials were carried out that systematically examined interventions in resuscitation. Over the same period of time, understanding surfactant-deficient lung disease, including exogenous surfactant replacement, and the development of knowledge about neonatal ventilation impacted resuscitation practice.
The International Liaison Committee on Resuscitation (ILCOR), sponsored by the American Heart Association, meets every 5 years to revise recommendations for adults and children. In 2003, ILCOR undertook an extensive review of the evidence for current guidelines. A neonatal workgroup, including neonatologists from five continents, was invited to participate for the first time in 2003. Worksheets were assigned on 21 questions. Each question was evaluated as follows:
(1) An exhaustive review of the world's literature was undertaken to identify articles pertaining to the question. (2) Each article was evaluated as to level of evidence, classify the quality of the evidence and separate into supporting or opposing groups. 
Use of oxygen
The previous guidelines stated that if the baby is breathing, but has central cyanosis, free-flow 100% O 2 should be administered. A number of randomized controlled trials in term and near-term infants have shown that room air may be used initially with oxygen as a backup if initial resuscitation fails. A meta-analysis of these trials showed significant benefit for term and near-term infants resuscitated with room air. 5, 6 The effect of intermediate concentrations of oxygen at resuscitation needs to be investigated further, and future trials should include and stratify for premature infants.
One of the difficulties of using graded oxygen is the ability to estimate the level of oxygenation in the baby. Transcutaneous oximetry, which is the only practical way of looking at oxygen sufficiency in the delivery room, currently has wide variations reported in few studies. [7] [8] [9] [10] Much more information is needed to determine the practicability of use and the establishment of norms of saturations in the timeline of the minutes after birth.
The current guidelines state 'There is some evidence that resuscitation with air is as effective as resuscitation with 100% oxygen. Until more evidence is available, this program will continue to recommend administering supplemental oxygen whenever a baby requiring resuscitation is cyanotic or whenever positive-pressure ventilation is required to restore a normal heart rate. ' 2 Current recommendations are, if centrally cyanotic, to use supplemental oxygen without a directive as to the supplemental oxygen level. The guideline is to use oxygen judiciously rather than always using 100%. This is a basic departure from prior recommendations but leaves room for variation in practice. ILCOR Neonatal Working Group 2005 stated 'Some clinicians will elect to start resuscitation using less than 100% oxygen, including some that will start with no supplemental oxygen (room air). The evidence suggests that these approaches are reasonable in most circumstances. However, if one chooses to start resuscitation with room air, it is recommended that supplemental oxygen, up to 100%, be used if there is no appreciable improvement. There is clear agreement that ensuring effective ventilation should be the priority.' 11 One of the consequences of making the recommendations for oxygen at less than 100% or room air is the requirement that every hospital have compressed air, oxygen and blenders available in every site in which babies may be delivered.
Important questions for which better evidence is needed are:
How should the state of oxygenation be assessed? Should oximetry be recommended for routine use? If so, what about resource-poor settings? Should there be a distinctly different set of recommendations for preterms? Different sets for differing degrees of prematurity? Should there be a judgment about whether the baby is in primary or secondary apnea before choosing room air or a higher concentration of oxygen to initiate resuscitation?
An extensive discussion of the oxygen issue is published in Clinics in Perinatology.
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Management of the birth out of meconium-stained amniotic fluid Previous guidelines recommended that if meconium was present in the amniotic fluid, the mouth, nose and posterior pharynx should be suctioned after delivery of the head and before the delivery of the shoulders; if the baby was not vigorous at delivery, the mouth and trachea should be suctioned. When the amniotic fluid contains meconium, the management questions considered for revision were the efficacies of amnioinfusion and intrapartum oropharyngeal suctioning in reducing the incidence of meconium aspiration syndrome and death. Large randomized controlled trials showed that neither of the interventions, amnioinfusion or intrapartum oropharyngeal suction, showed a significant benefit. 12, 13 The new guidelines are:
If the fluid is meconium-stained, no intervention is needed during delivery If the fluid is meconium-stained and the baby is not vigorous, the mouth and trachea need to be suctioned If the baby is vigorous, only the mouth needs to be suctioned with a bulb syringe or large-bore catheter Since the guidelines indicate different approaches to the vigorous and the nonvigorous baby, the definition of vigorous is crucial. A vigorous baby is one with a strong respiratory effort, heart rate >100 and good muscle tone. Unanswered questions remain. If no benefit is obtained by suctioning on the perineum, is harm done? Does intubation and tracheal suction of the nonvigorous infant result in less meconium aspiration syndrome and death? An in-depth discussion of meconium-stained amniotic fluid issues has been published. 14 Thermal homeostasis for the small preterm infant One of the historically early interventions that showed a decrease in mortality was protection of the thermal environment for neonates.
Previous guidelines recommended:
Provide warmth by placing on a functioning radiant warmer Dry off with warm towels Remove wet linen Be aware of the vulnerability of preterm babies to hypothermia
While the body temperature of term and larger preterms is protected by these measures, the Epicure study 15 found that preterm babies had higher mortality with hypothermia, and that hypothermia was still occurring even with the application of the recommended interventions. Several studies have been published on the results of a plastic wrap intervention with better temperatures on admission in <28-week babies. [16] [17] [18] [19] [20] The current recommendation is that if the baby is preterm, attend to the thermal needs by increasing the temperature of the delivery room and placing the baby in a plastic bag up to the neck with a hat on his head immediately after delivery.
Unanswered questions include the use of other devices, such as chemical warming mattresses, circulating water pads, different hats or the effect of adjusting ambient temperatures in the delivery room.
Initial ventilation strategies and devices
Initial ventilation strategies, both for preterm and term babies, and the use of devices to optimally provide both positive inspiratory and positive end expiratory pressure (PEEP) are issues of great interest. The treatment recommendations were as follows:
Avoid volutrauma, and although measured peak-inflation pressure does not correlate well with volume delivery, monitoring may help to avoid using very high pressures. 21, 22 Higher pressures may be needed if there is no initial response in the heart rate. Although there has been extensive study of the use of PEEP in a variety of disease states in neonates, little information about PEEP during resuscitation is available. The recommendation to employ PEEP as soon as possible is an extrapolation based on data obtained later in the course of respiratory disease.
The efficacy and success of neonatal resuscitation depends on adequate ventilation of the baby, and the best measure of effective ventilation is the heart rate response.
Devices for assisting ventilation
Previous guidelines recommended a flow-inflating bag or a self-inflating bag, as devices to provide positive end expiratory pressure were not available. A T-piece resuscitator device that gives a measured pressure through a mask with a thumb occlusion and can deliver PEEP has been introduced. Current guidelines include the T-piece resuscitator as an acceptable device to use in the delivery room as well as flow-inflating or self-inflating bags. Low-level evidence supports the effectiveness of any of the three methods. [23] [24] [25] Inflation pressure and inspiratory times are delivered more consistently with the T-piece than a bag. 22, [26] [27] [28] The question remains if any one of the three devices is significantly more effective in resuscitation than the others.
Use of continuous positive airway pressure
Previous guidelines did not address continuous positive airway pressure or positive end expiratory pressure. Current guidelines recommend considering the use of continuous positive airway pressure in preterms who breathe spontaneously but have labored respirations or low TcO 2 sats. A discussion of the theoretical considerations as well as animal, mechanical model and human studies has been published. 29 Many questions remain unanswered.
Use of CO 2 detectors to confirm endotracheal tube placement Previous guidelines made no recommendation regarding the use of a CO 2 detector for confirmation of proper ET tube placement. A CO 2 detector employs a colorimetric change to indicate if CO 2 is in the exhalation gas, an indication that the ET tube is in the trachea. A review of the evidence identified studies that support the use of CO 2 detectors. 30 Studies of sensitivity and specificity support their use. [31] [32] [33] [34] Rare false positives result, which would lead to not removing an incorrectly placed tube. Few false negatives result, which may lead to removing a correctly placed tube. False negatives occur if patients have insufficient circulation to deliver sufficient CO 2 to the lungs to change the indicator color.
Current guidelines now recommend that a CO 2 detector should be used to confirm endotracheal intubation. Capnography, if available, is equivalent. ). No randomized clinical trials exist on appropriate dosing. Animal studies suggest that high-dose epinephrine is superior in achieving return of spontaneous circulation after cardiac arrest. On the other hand, detrimental post-resuscitation side effects of high-dose epinephrine have been noted in animal studies and adult clinical trials. Prolonged post-resuscitation hypertension could increase the risk for intraventricular hemorrhage (IVH) in preterm infants. 35 The current guidelines recommend that if vascular access cannot be obtained, epinephrine can be administered by the ET tube, but the dose should be increased to three times the i.v. dose. Randomized trials have not been published using ET tube epinephrine in neonates or neonatal models. One neonatal cohort trial and one case series showed absorption and benefit at higher doses. Almost every animal trial that showed any kind of positive effect of ET tube epinephrine used 5 to 30 times the old recommended dose. One neonatal model study that used the currently recommended dose showed no benefit. 36 Naloxone Previous guidelines recommended naloxone by i.v., ET tube or i.m. or subcutaneous routes if the baby failed to recover breathing and if there was severe respiratory depression and a history of maternal narcotic administration. Review of naloxone use showed no study had evaluated naloxone at the dose that was previously recommended, by any route. Furthermore, there were no reports found on the efficacy of naloxone in reversing respiratory depression at birth in babies who were exposed to opioids prior to delivery using clinically relevant end points, such as decreased need for prolonged ventilation. The very use of naloxone on neonates in resuscitation situations is extrapolated. 37 On this basis, the current guidelines recommend the use of naloxone be considered only AFTER resuscitation is accomplished.
Volume expanders
Volume resuscitation recommendations continue to change. The previous guidelines said to give volume expansion of 10 ml kg À1 using normal saline, Ringer's lactate or O negative blood if the baby appeared to be in hypovolemic shock or had a history that indicated blood loss. The current guidelines make a more cautious recommendation of 'may consider volume expansion'. Although there have been no human studies, animal models of birth asphyxiation indicated poorer outcome with volume expansion in animals without hypovolemia. 38 
Sodium bicarbonate
The previous guidelines indicated that bicarbonate may be given i.v. over 2 min kg À1 if ventilation is adequate and the pCO 2 is in the normal range. Examining the evidence revealed no human adult studies that show benefit and no experimental neonatal animal studies have been carried out. One small randomized trial of NaHCO 3 in neonatal resuscitation showed no benefit on survival. 39 Several studies show deleterious effects of depression of myocardial function, paradoxical intracellular acidosis, reduction in cerebral blood flow and increased risk of IVH in preterms. 36 Current guidelines do not recommend the use of bicarbonate in delivery room resuscitations.
Transition from resuscitation to postresuscitative strategies that minimize neurological injury Neuroprotective strategies, although not part of the resuscitation process, must be considered immediately in the post-resuscitation period. The use of regional or whole body hypothermia for neuroprotection in the asphyxiated infant is an active area of current investigation and warrants careful consideration. Glucose management is also an area of concern post-resuscitation. Postresuscitative concerns have been introduced into the guidelines to ensure the continuum of care for time-sensitive conditions. 40, 41 Ethical issues related to initiation and discontinuation of resuscitation The decision to initiate resuscitation or offer palliative care arises in a number of situations, including very low gestational age and certain congenital conditions. On the basis of updated mortality data, current guidelines state that with few exceptions, resuscitation is not indicated if the baby is <23 completed weeks or <400 g, or has congenital anomalies associated with almost certain death and unacceptable high morbidity rates in rare survivors. An examination of survival data by gestational age for a number of studies from the United States, Australia and Europe at 22 weeks shows that the survivals are quite low; at 23 weeks they rise but are generally <50%; and at 24 weeks they are >50%. 42 Because of the time lag inherent in published data, neonates delivered at 24 completed weeks have higher survival rates in many centers by local report, which may be taken into consideration in those centers. The emphasis on involving the family in discussions remains a constant. The burden of morbidity to the community is another consideration that may vary in importance by location. Guidelines should always be 'interpreted according to regional outcomes and societal principles' (ILCOR). 43, 47 In the current guidelines, discontinuation of resuscitative efforts is deemed appropriate after 10 min of effective resuscitation without reversing asystole. This is a change from previous guidelines and is based on reports of outcome of infants with Apgar scores of 0 at 10 min. [44] [45] [46] These published studies indicated that death or severe disability was almost inevitable in these babies.
Summary
This discussion has highlighted some of the recent changes in NRP guidelines based on the ILCOR scientific evidence-based review.
Use of oxygen judiciously rather than to use 100%. Use no intervention in meconium-stained amniotic fluid unless the newborn is not vigorous Thermally protect very small preterms with plastic wrap Ventilate, gently; avoid volutrauma Use PEEP to help establish functional residual capacity (FRC) Use a CO 2 detector to affirm ET tube placement Move bicarbonate and naloxone to the post-resuscitation timeframe Use volume resuscitation only when hypovolemia is strongly suspected Use epinephrine preferably by i.v.; cautiously use higher doses in the ET tube Consider hypothermia and glucose provision in the post-resuscitation management of asphyxia Consider survival statistics, the condition of the newborn, the family and the community in ethical decisions in the initiation of resuscitation or palliative care Consider discontinuation of resuscitation after 10 min of effective resuscitation New evidence, constantly becoming available, inevitably renders guidelines obsolete. As resuscitation research provides a progressively sounder scientific basis for practice, the guidelines will become more complex and more individualized for a particular circumstance in a particular baby.
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